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Univ.) 
The present study has been done to clear the mechanism 
of the peculiarity in the heat transfer characteristics in parallel 
channels immersed in the pressurized He II (He ~). So far, 
we have pointed out that a sub-cooled He I (He Is) locally 
produced due to the temperature gradient plays an 
important role in the heat transfer characteristics 1). 
The rectangular cross-sectional parallel channel 
which simulates the cooling path in a large super-
conducting coil is formed by three FRP walls and a heated 
surface of copper block as shown in Fig. 1, i.e., the space for 
He IIp shapes a conduit surrounded with four walls. The cross-
sectional area is 16 mmxd (1.5 -- 3 mm) and the length L = 
2.2 mm. The copper block is buried in the insulator so that the 
heated surface (16 X 22 mm2 ) is exposed to He IIp. The 
temperature rises in the liquid have been measured with small 
thermometers (0.3 XO.5 X 1 mm3) placed along the channel 
length and across the channel gap over the heated surface apart 
8 from the heated surface. 
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Figure 1 Schematic cross-sectional view of the parallel 
channel. L: channel length, d: channel gap. 
The superfluidity is broken at the critical heat flux Qs 
(W/cm2 per unit heated surface area) at the center part of the 
parallel channel, the temperature of the liquid adjacent to the 
heated surface at x = 0 reaches the lambda point T L at~. The 
sub-cooled He I covers a part of the heated surface 
influencing the heat transfer characteristics between Qs and 
another critical heat flux On above which the nucleate 
boiling occurs beneath the sub-cooled He I layer. The layer 
of He Is seems to be expanded from the center of the surface 
towards the exits of the channel as the heat flux Q is 
increased. As expected in Ref 1, the liquid in the parallel 
channels has the temperature gradient both along the channel 
length and the channel gap. However, the temperature gradient 
across the channel gap below ~ is so small that the differences 
in the temperature are difficult to discriminate 
108 
among the thermometers because of the large thennal 
conductivity of He ll. From ~ to a certain Q below On, the 
temperatures obselVed by the thermometers Ts apart from the 
heated surface are kept at T L, Tr is apparently independent of 
Q. 
The temperature rises on x-axis is fitted to the CUlVe 
calculated on the assumption of one-dimensional heat flow 
(solid lines in Fig.2). 
(1) 
where 1-1 (T) is the effective thermal conductivity 2). 
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Fig.2 Temperature distribution at different Q below Qs 
along the channel length, d = 1.5 mm. 
Since an interface He II-He I (lambda-layer) passes 
through and covers the thermometer placed near the 
heated surface at x = 0 immediately after Qs reaches, Ts1 
increases beyond T L the temperature rises steeply in the He 
Is part of two dimensions grown on the heated surface both 
towards the exits and the opposite surface in the parallel 
channel. By increasing a small quantity of Q from Qs, the 
temperature rises sharply at the center due to the poor thennal 
conductivity of the locally generated He Is spot (see the arrow 
marks in Fig.2). Since a heated surface is partially exposed 
both to He IIp arid to He Is, the abrupt transition into the 
nucleate boiling state would not occur in the parallel 
channel. 
1) Kobayashi, H. et al, Cryogenics 37 (1997) 851 
2) VanSciver, S.W., 'Helium Cryogenics' Plenum Press 
(1986) 
